Introduction
The booster injector program for the ZGS requires the stripping of H ions at 50 MeV as the source of protons in the booster accelerator. 1, 2 Using the former Cornell 2. 2 GeV electron synchrotron as a prototype booster, the injection of protons by stripping negative hydrogen ions in a poly-paraxylene thin film has already been demonstrated at the ZGS. 3 A brightness multiplication factor of 100 has been achieved. The limiting factor is the scattering of the circulating protons in the stripping foil.
Until now the booster injection and operation studies have been limited to ZGS off periods because the 50 MeV H ions are obtained by the same accelerating system that produces the 50 MeV protons required for injection into the ZGS. With the planned installation of Booster-II, it will be desirable to use H ion stripping injection into the ZGS so that the booster tune up studies can be carried on during normal ZGS operation.
Two ZGS H injection trials have been performed during the past year. It has been demonstrated that H stripping injection into the ZGS is feasible and that only a small improvement in H current is required to make the process competitive with regular proton injection.
The ZGS H Injection System
Protons are normally injected into the ZGS at about 13 in radially out from the central orbit, after 0 being deflected 3 by a thin septum magnet. As the protons are injected, the equilibrium orbit moves inward at about 0. 1 in per turn and some injected particles are lost by hitting the injection magnet. During H injection, the inflector magnet is removed and the 30 bend accomplished by using about 2 ft of the magnetic octant downstream from the injection straight section. (Fig. 1 By varying the linac gradient during the pulse it was also possible to achieve a desired amount of energy ramp so that the instantaneous injection orbits could be made to move inward in the ZGS at a slower rate than the 0. 031 in/turn for the already injected protons. In this way it was possible to trade off radial betatron oscillation amplitude for energy spread in tie circulating bearm The stripper foils were placed into Octant No. 1 of the ZGS with a swing arm mechanism (see Fig. 2 ).
The foil was mounted on an aluminum frame which is shown in detail at the upper right hand corner of the figure. A 2 in wide 5500 A poly-paraxylene foil was hung vertically between the tines of the frame.
Because the useful life of the foils has proved to be 4 or 5 h, automatic operation of foil changing to minimize the downtime of the accelerator is required. The foil holder is attached to an arm apparatus, wlich is swung into an automatic foil replacement magazine. The arm, upon reaching the magazine, is shed of its spent foil and a fresh frame with foil is attached. When this portion of the operation is completed the arm swings back into the stripping position while the magazine retracts to the corner of the L-l straight section to prevent its structure from interfering with circulating beam. The average number of passes through the foil may be derived using an adiabatic approximation as follows. In Fig. 3 
The average number of foil traversals can be obtained by finding the average value of the inte gral of p over the phase space determined by eq. (1) and being to the left of a as the equilibrium orbit moves to the right from R to Ro + a + A. The results for The results for a = 1 in, and A = 0 and 0.6 in are shown in Fig. 4 . It is seen that any amplitude beam injected with the equilibrium orbit passing through the foil will re-enter the foil an average of 32 times and suffer an rms scattering angle of jected for 1/2 turn. The injection efficiency appears to be no better than 60% for these injection conditions. It was observed that injection with the (constant) equilibrium orbit passing through the foil produced much worse 34 0. 184 mr = 1.0 mr.
However, by injecting with the equilibrium orbit L7 in radially inward the scattering angle can be reduced by a factor of 2.
Coasting Beam Measurements
The total number of H ions injected onto the foil for a given pulse length was first determined by collecting all of the H ions in a Faraday cup at the end of the injection line. This number was compared with the total number of protons collected on a set of (Fig. 4) 
